Phase-resolved spectral measurements with several two tryptophan containing proteins.
We have used frequency domain fluorescence techniques to resolve the component emission spectra for several two tryptophan containing proteins (e.g., horse liver alcohol dehydrogenase, sperm whale apomyoglobin, yeast 3-phosphoglycerate kinase, apoazurin from Alcaligenes denitricans). We have first performed multifrequency phase/modulation measurements and have found the fluorescence of each of these proteins to be described by a double exponential. Then, using phase-sensitive detection and the algorithm of Gratton and Jameson [Gratton, E., & Jameson, D. M. (1985) Anal. Chem. 57, 1694-1697], we have determined the emission spectrum associated with each decay time for these proteins. We have compared these phase-resolved spectra with the fractional contributions of the component fluorophores determined by selective solute quenching experiments. Reasonably good agreement is seen in most cases, which argues that the individual Trp residues emit independently. In the case of apoazurin, however, a negative amplitude is seen for the phase-resolved spectrum of the short-lifetime component. This pattern is consistent with the occurrence of energy transfer from the internal Trp residue to the surface Trp of this protein. We also present multifrequency lifetime measurements, phase-resolved spectra, and solute quenching data for a few protein-ligand complexes, to illustrate the utility of this approach for the study of changes in the fluorescence of proteins.